Objective: Population studies have shown that age at menopause (AAM) predicts coronary heart disease. It is unknown, however, whether early menopause predicts postYmyocardial infarction (MI) angina. We examined whether younger AAM increases risk of post-MI angina.
S everal epidemiological studies have suggested higher all-cause and coronary heart disease (CHD) mortality for women with early menopause (ie, before 40 y of age) compared with women who were 50 years or older at menopause. 1 It is believed that the higher risk associated with early menopause is due to longstanding deprivation of endogenous estrogen, which may influence cardiovascular risk through a variety of effects on metabolism and vascular function. 2 Despite the evidence of early menopause being associated with an increased risk for CHD, no descriptions of its prognostic importance among women with known CHD have been reported. After an acute myocardial infarction (MI), longstanding estrogen deficiency due to early menopause may lead to adverse outcomes through the same mechanisms by which it is postulated to be associated with incident CHD. In particular, abnormalities in the microvasculature due to endothelial dysfunction and loss of arterial compliance may increase the risk of angina and other adverse outcomes. 3 If early menopause is associated with adverse cardiovascular outcomes in women post-MI, this may help in the risk stratification and management of this patient group.
According to the American Heart Association and the American College of Cardiology guidelines, a primary goal of MI management is the complete or near complete elimination of anginal chest pain. 4 Women with established CHD consistently report more angina compared with men after adjusting for comorbidities, clinical characteristics, and MI management. 5<7 Women are less likely than men to experience a Bclassic[ pattern of stabbing chest pain in the center or left side of the chest but more often complain of chest heaviness, pressure, tightness, or squeezing. 8 Recognition of angina is important because angina symptoms are associated with increased coronary mortality and health-related quality of life, higher rates of hospitalizations, and significant limitation in activities of daily living. 9, 10 In addition, angina symptomY driven care for women is costly and accounts for most costs associated with CHD care in women. 6, 11 Thus, it is important to examine additional novel predictors of outcomes that can be directed to exploring new risk assessment paradigms in women with MI. In a prospective registry of MI patients, the Prospective Registry Evaluating Outcomes After Myocardial Infarction: Events and Recovery (PREMIER), we examined whether women with younger age (e40 y) at menopause have a higher rate of angina and more severe angina at 1 year after MI as compared with women who experienced menopause at an older age (Q50 y).
METHODS

Participants and data collection
The PREMIER study was a prospective cohort study examining patients' health outcomes, especially post-MI angina, as a function of sociodemographic, clinical, and health status characteristics. 12 The methodology of this study has been described previously. 12 Briefly, in PREMIER, we screened a consecutive cohort of patients admitted with MI at 17 US study sites between January 2003 and June 2004. Patients were eligible for participation if they were 18 years or older and had increased cardiac biomarkers (troponin or creatine kinase-MB) in addition to having supporting clinical evidence of a MI. Patients who were incarcerated, developed increased cardiac enzymes because of elective coronary revascularization, refused or were unable to provide informed consent, or did not speak English or Spanish were not included. For the purpose of this study, we included only postmenopausal women enrolled in PREMIER who had complete data available regarding age at menopause (AAM) and were alive at discharge. The institutional review board at each participating institution approved the study, and all women provided informed consent forms.
A comprehensive chart abstraction was performed at each participating institution to collect sociodemographic, cardiac, noncardiac, hospital course, and treatment variables. In addition, women were interviewed during their MI admission to collect data on baseline sociodemographic, behavioral, psychosocial, and health status measures. In addition, we assessed depressive symptoms using the Patient Health Questionnaire. 13 All sites assessed menopause and other reproductive history using an optional questionnaire. First, women were asked if they were willing to answer questions regarding their menstrual history. If the women were willing, menstrual history and menopause status were obtained by self-report during this interview. If the women responded that they had reached menopause, they were further asked about their AAM, the cause of their menopause (natural or after surgical operation or radiation), and, if they had had a hysterectomy, whether it included bilateral oophorectomy or unilateral oophorectomy.
Surgical menopause was defined as cessation of menstrual period after bilateral oophorectomy. We excluded the only woman (n = 1) with menopause resulting from radiation. Women were also asked if they had used estrogen preparations, including birth control pills or postmenopausal hormones.
Outcome variables
Women were interviewed by telephone at 1 year after discharge by a centralized follow-up center to collect comprehensive data on behavioral, treatment, and health status measures. Prespecified primary outcome measures for PREMIER at 1 year were presence of angina and severity of angina.
We used the Seattle Angina Questionnaire (SAQ), a 19item disease-specific health status instrument, to assess angina symptom burden, that is, frequency of angina (ie, chest pain or chest tightness in the prior 4 wk). 14 Responses are scored from 0 to 100, with higher scores indicating less angina. 14 Because the desirable outcome is for the woman to be angina free and because of a right skewed distribution of women without any angina symptoms, angina (SAQ angina frequency score) was examined as a dichotomous variable (angina present [SAQ angina frequency score G100] or absent [SAQ angina frequency score = 100] at 1 y). In addition, we further stratified angina into three categories reflecting daily or weekly angina (SAQ angina frequency score, 0-60), angina less than once per week (61-99), and no angina (100). 14 All SAQ domains have been validated, and the SAQ predicts mortality and subsequent cardiac events in patients with CHD. 14 All-cause mortality was examined as a secondary outcome given the limited number of deaths. We obtained vital status at 1 year postdischarge from contacts with family members and by querying the Social Security Death Master File.
Data analysis
First, we compared differences between women willing versus not willing to discuss their menstrual information using linear trend tests for continuous variables and the Mantel-Haenszel trend test for categorical variables. AAM was categorized into 40 years or younger, 41 to 49 years, and 50 years or older following the classification used in previous studies. 1, 15 Differences across AAM groups were assessed using linear trend tests for continuous variables and the Mantel-Haenszel trend test for categorical variables. Unadjusted rates of allcause mortality between menopause age groups are reported as Kaplan-Meier estimates and tested using the log-rank test. No multivariable analysis was carried out for mortality, given the small number of deaths.
For the dichotomous outcome of presence of angina, we used multivariable hierarchical modified Poisson regression models, 16 which provide estimates of relative risks (RRs). In addition, we used multivariable hierarchical ordinal logistic regression models for the outcome of severity of angina. The hierarchical structure of these multivariable models accounted for the clustering of women within site of care. Modeling was conducted in subsequent steps: (1) unadjusted, (2) ageadjusted, and (3) fully adjusted multivariable models. We chose our model covariates first based on a priori clinical knowledge about potential confounders and then further balanced the groups by including additional factors where differences were shown between groups based on the data. 17 Covariates in the multivariable models included demographic variables (age, white race, insurance status), cardiac history (prior MI, percutaneous coronary intervention or coronary artery bypass grafting, and congestive heart failure [CHF]), medical history (history of diabetes, history of hypertension, smoking status [current vs former], and body mass index), clinical severity of MI (ST-elevation MI [STEMI] and left ventricular ejection fraction [LVEF] G40), and the use of coronary angiography and/or revascularization (thrombolytics, percutaneous coronary intervention, coronary artery bypass grafting). The Centers for Medicare and Medicaid Services and the Joint Commission on Accreditation of Healthcare Organizations have defined the MI quality-of-care indicators usually reported as percentage of MI quality-of-care indicators received. 18, 19 Because MI quality-of-care indicators influence post-MI outcomes, we adjusted for percentage of MI quality-of-care indicators received and number of MI quality indicators that the women were eligible to receive. We further adjusted for SAQ angina score before MI. Nonlinear relationships were accounted for by including restricted cubic spline terms for all continuous covariates. 20 All tests for statistical significance were two tailed, with an > level of 0.05. All analyses were conducted using SAS software, release 9.1 (SAS Institute, Cary, NC), and R version 2.6.0. 21 We conducted four sets of secondary analyses. In separate steps, we tested the following interaction terms in fully adjusted models: estrogen use by AAM and cause of menopause by AAM. In addition, in a separate step, we excluded women with surgical menopause to evaluate if the results changed. We also conducted a sensitivity analysis using AAM as a continuous variable similar to the primary analyses as described above. Finally, because of the positive bivariate association of depressive symptoms at MI hospitalization with AAM, we added depressive symptoms in the final model to examine whether it was a confounder in the association of AAM with the angina outcomes.
Some women were missing 1-year angina data because of death (n = 32; 6.5%) or because they were too ill to be interviewed (n = 5; 1.1%), lost to follow-up (n = 31; 6.3%), or refused the 1-year interview (n = 2; 0.4%). We used a propensity model to evaluate potential bias from missing 1-year outcome data due to women who were lost to followup or refused the 1-year interview. The propensity model controlled for a wide range of demographic, socioeconomic, and clinical factors. 22 In the overall sample including these women, but excluding women who were deceased (n = 32) or too ill to be interview at 1 year follow-up (n = 5), we calculated a propensity score of having a missing 1-year interview using logistic regression. The propensity score was the probability of a person with given characteristics having a missing 1-year interview. The reciprocal of this score was then used to weight the responses of those who provided follow-up, resulting in higher weight given to observations from women that are similar to those with missing outcome data. 22 
RESULTS
Study population
In the study period, 807 women met MI eligibility criteria, were approached for the study, and were alive at discharge. Of these, 657 women agreed to answer the optional questionnaire pertaining to their reproductive history. From this sample, 84 women were excluded because they were premenopausal and 80 women were excluded because they did not recall their AAM, leaving 493 postmenopausal women for this analysis. Women who lacked data on AAM were more likely to be white, to smoke, and to have STEMI compared with women with such data. However, there were no differences in rates of angina either at baseline or at 1 year after discharge. In addition, women who were enrolled in this analysis were of similar age and had similar comorbidities overall compared with women who were screened but not enrolled but were more likely to be white, smokers, and have STEMI. In addition, they were less likely to have a history of renal failure and to have Medicaid as their insurance.
The mean T SD age of the 493 women included in this analysis was 65.4 T 11.3 years. Approximately 71% of these women were white, 58.6% had less than high school education, and 44.6% were married. The mean T SD and median AAM were 45.2 T 7.8 and 47 years, respectively. Most of the women (n = 412; 83.5%) reported having natural menopause. Almost two thirds of the women reported previous estrogen use (n = 310, 62.8%).
Comparisons of characteristics of women according to AAM
A total of 26.8% (n = 132) of women had experienced menopause by the age of 40 years, 35.5% (n = 175) experienced menopause between 41 and 49 years of age, and 37.7% (n = 186) reached menopause after the age of 49 years. Although most women had a natural menopause, women with an AAM of 40 years or younger were more likely to have gone through surgical menopause than were women in the other AAM groups ( Table 1) . Younger age was associated with early menopause. More than one third (34%) of women younger than 60 years (n = 63) had reached menopause by the age of 40 years versus only 22.6% (n = 69) of women older than 60 years. Women with an AAM of 40 years or younger were more likely to be smokers and had higher levels of depressive symptoms than did women who reported an older menopause age (Table 1) . Sociodemographic factors and comorbidities did not differ significantly by AAM. In addition, there was no significant association between AAM and presentation characteristics such as angina at baseline, LVEF, and type of MI, but women with early AAM tended to have fewer diseased vessels at coronary angiography. In-hospital events, MI quality-of-care indicators, and antianginal medications received also did not differ according to AAM. In addition, there was no difference in cardiac medications received at 1 year after discharge (Table 1) .
AAM and MI outcomes
At 1 year, 32 (6.5%) women died; of these, 8 (6.1%) were in the group with an AAM of 40 years or younger, 11 (6.3%) were in the group with an AAM of 41 to 49 years, and 13 (7%) were in the group with an AAM of 50 years or older (P = 0.84).
There were no differences in baseline angina among the AAM groups (Table 1) . However, at 1 year after their MI, the rate of angina was substantially higher in women with an AAM of 40 years or younger (32.4%) and in women with an AAM between 41 and 49 years (18.9%) than in women with an AAM of 50 years or older (12.2%; Table 2 ). After adjusting for age, women in either category (AAM e40 or 41-49 y) were more likely (2.3 and 1.5 times, respectively) to have angina than were women with an AAM of 50 years or older (Fig. 1 ). In the fully adjusted model, after controlling for demographics, comorbidities, MI severity, and quality of care, women with an AAM of 40 years or younger had more than twice the risk of angina compared with women with an AAM of 50 years or older (Fig. 1) . The intermediate AAM group (41-49 y) , in contrast, had only a nonsignificant trend toward having a greater prevalence of angina as compared with those experiencing AAM at 50 years or beyond in the fully adjusted analysis. In the multivariable model of 1-year angina, AAM had the largest magnitude of association of all the risk factors in the model (Fig. 2) . Conversely, traditional prognostic markers of angina such as diabetes, hypertension, CHF, ejection fraction, STEMI, or quality of MI care did not predict angina at 1 year in postmenopausal women.
Ordinal logistic regression results showed that women with an AAM of 40 years or younger were more likely to be at a higher level of angina severity classification (monthly vs none, or weekly/daily vs monthly) at 1 year than were women with an AAM of 50 years or older ( Table 2 and Fig. 3 ). Women with an AAM of 40 years or younger had more than threefold the odds of a higher angina level compared with women with an AAM of 50 years or older (unadjusted odds ratio, 3.37; 95% CI, 1.82-6.26). On multivariable analysis, women with early menopause continued to have an almost threefold higher risk of a more severe angina compared with women who had menopause at age 50 years or beyond (odds ratio, 2.65; 95% CI, 1.34-5.22). There was no difference in angina severity between women with an AAM of 41 to 49 years and those with an AAM of 50 years or older (Fig. 3) .
Sensitivity analyses using AAM as a continuous variable produced similar results. For every 5-year decrease in AAM, the fully adjusted risk of angina increased by 19% (RR, 1.19; 95% CI, 1.07-1.32).
There was no interaction between AAM and previous estrogen use or AAM and cause of menopause (surgical vs natural) for any angina outcomes. Furthermore, the results were similar when we excluded the women with surgical menopause (n = 81) and after adjusting for depressive symptoms. Finally, the results of the sensitivity analyses weighted with propensity scores were also comparable with the 
DISCUSSION
We found that younger AAM predicts angina after MI, independent of sociodemographic factors, comorbidities, severity of MI, quality of care, and other common prognostic markers. In fact, younger AAM was the strongest predictor of angina in the multivariable models, whereas traditional clinical prognostic indicators such as ejection fraction, STEMI, or presence of CHF did not predict angina. The same relationship with AAM was seen for severity of angina. Women with an AAM of 40 years or younger were almost three times as likely to have a higher severity of angina as women with an AAM of 50 years or older. To our knowledge, this is the first study to demonstrate that AAM is a risk factor for angina in post-MI women. It is important to identify novel predictors of angina after MI in women because this may aid risk stratification and clarification of pathophysiological mechanisms of angina in women. These data are important because women have a disproportionate burden of angina compared with men and angina adversely impacts women's survival, health status, and societal economic burden of CHD. 6, 11 The average AAM in our study is lower than what would be expected in the general population (ie, 51 y). 23 Almost one third of postmenopausal women with MI in our study had an AAM of 40 years or younger compared with less than 5% in other population studies of women without CHD. 15, 24 This observation is consistent with early menopause being a risk factor for CHD in women, as shown in previous population studies. 1, 15 In addition, a recent meta-analysis of 12 population studies compared women with early menopause (with AAM ranging from G35 to e43 y) with those whose menopause was at age 50 years or later with respect to CHD risk. 1 The pooled CHD RR estimate for early AAM, adjusted for age and smoking status, was 1.38 (95% CI, 1.21-1.58). 1 Our results further expand previous literature and suggest that AAM is an important predictor of post-MI angina.
Early AAM, irrespective of the cause of menopause, confers a higher risk for angina in postmenopausal women after MI. Although no previous study has examined this question in women with MI, a recent meta-analysis examining three population studies of early menopause and cardiovascular disease (CVD) risk stratified on type of menopause showed that bilateral oophorectomy before the age of 50 years increased the risk of CVD substantially (RR, 4.44; 95% CI, 2.56-1.81). 1 However two of the three population studies in this meta-analysis used premenopausal women as the reference. To our knowledge, only one previous population study in a cohort of postmenopausal women, enrolled in a breast cancer screening project, has examined the effect of AAM on cardiovascular mortality by cause of menopause (natural vs surgical) and did not find a significant interaction between cause of menopause and AAM on CVD risk. 24 In our study, there was no significant interaction between AAM and estrogen use for any of the outcomes. In addition, our results remained unchanged after adjusting for estrogen use. Although the results of recent clinical trials have questioned the cardiovascular protective role of hormone therapy in women with CHD and have suggested a tendency for harm, 25, 26 our study shows that use of estrogen does not modify or confound the association of AAM with adverse outcomes after MI.
Our study provides important new information for understanding the pathophysiological mechanism of post-MI angina in women. Women with early menopause tended to have less obstructive disease in our study and yet had higher angina. It is possible that deprivation of endogenous estrogen, which acts directly and indirectly on the vasculature, leads to higher vascular inflammation, endothelial and microvascular dysfunction, coagulation abnormalities, and decreased arterial compliance. 2, 10 These factors may result in myocardial flow heterogeneity and relatively greater burden of atherosclerosis in relation to the degree of positive arterial remodeling in women with early AAM. 10 The resulting microvascular vasculopathy may be manifested by angina even in the setting of nonobstructive coronary artery disease. In addition, estrogen deficiency is associated with clustering of adverse prognostic factors in postmenopausal women, such as obesity, abnormal fat distribution, insulin resistance, metabolic syndrome, and hypertension. 3 Moreover, estrogen deficiency with early menopause is a feature of polycystic ovarian syndrome (PCOS), a condition associated with increased CHD mortality in women. 27 However, because in our study, AAM was not associated with obesity, hypertension, or diabetes, other major features of PCOS, it is improbable that underlying PCOS explains worse outcomes in post-MI women with early AAM.
We found that women with early AAM have higher depressive symptoms; this finding might suggest that depression mediates, in part, the increased angina rate for these women. In our sensitivity analyses, the results remained unchanged after adjusting for depressive symptoms, confirming that AAM is an independent predictor of post-MI angina. Thus, other risk factors may be mediating the observed relationship between early AAM and post-MI angina. A better clarification of these mechanisms could help in developing effective interventions to prevent or treat angina in these women.
Although a goal of MI management is the complete or near complete elimination of anginal chest pain, 4 despite recent advances in diagnosis and treatment, approximately 30% to 40% of MI patients continue to have residual angina. 28 After MI, younger and middle-aged women have more angina symptoms and higher mortality despite lower angiographic disease burden and higher rates of preserved left ventricular function as compared with men. 29 The current literature has been unable to provide an explanation for this observation. Because the presence of angina symptoms has a considerable impact on women's' survival rates, functional status, quality of life, and health-related costs, 6, 11 it is imperative to examine new risk assessment paradigms in women with MI. In our study, although women with early menopause had a slightly lower angiographic burden and similar comorbidities, MI severity, LVEF, and quality of care in the hospital or at 1 year postdischarge, they were more likely to have angina and a higher severity of post-MI angina. These observations suggest that women with early menopause may have a varying pathophysiological mechanism of CHD. Thus, the use of a simple question about AAM may be helpful in the risk stratification, closer follow-up, and appropriate investigation of angina in post-MI women to guide optimal angina management in women with early menopause to potentially improve their symptoms and quality of life after MI.
Several limitations should be considered in interpreting our study results. First, only postmenopausal women who had complete data available regarding AAM and were alive at discharge were included in this study. Because we were not able to interview the women who chose to not participate in the study and thus did not have information on their AAM, this could potentially introduce bias in our study. However, women enrolled in this analysis were of similar age and had similar overall comorbidities compared with women who were screened but not enrolled, although they were more likely to be white and smokers and have STEMI. Second, there were six deaths in the study before discharge, and only two of these women were willing to discuss their menstrual history. Therefore, there are very few deaths that could possibly introduce bias and not enough deaths to compare AAM for those women who died with those women who were alive at discharge. In addition, not all the women in PREMIER chose to answer the reproductive questionnaire. Although this could theoretically introduce bias in our study, there were no differences in rates of angina either at baseline or at follow-up between the two groups, suggesting that such a bias would be nondifferential. Second, the accuracy of selfreported menopause status and AAM may be a potential concern. However, previous studies have demonstrated that almost 99% of women accurately report their menopause status and 82% accurately report their AAM. 30 Even if measurement error occurred in our study, it would most probably be nondifferential and have biased our results to the null. In a busy clinical setting, the use of a simple patient question to determine AAM is probably the only feasible way for this determination; we show that this assessment has prognostic validity. Third, because the number of deaths in our cohort was small, we were unable to assess the effect of AAM on mortality by itself as outcome. The endpoint angina was by self-report. Although this could theoretically lead to bias in the data collection through incomplete or inaccurate patient recall, this bias would be nondifferential according to AAM. In addition, the self-reported angina does not necessarily indicate an ischemic event, and we do not have diagnostic proof that their angina was necessarily of cardiac/coronary origin. Although this is a limitation, angina was assessed by using the SAQ, which has been validated in CHD patients. 14 Moreover, we examined the relationship between AAM and outcomes after MI using a prospective design and we took into account the baseline level of reported angina in the analysis. Another limitation of our study is that there was only 1 year of follow-up; it is unclear whether this association would persist over time.
Finally, because this is an observational study, unmeasured confounding is always a potential limitation. Nonetheless, a wide array of variables was available for risk adjustment.
CONCLUSIONS
Early menopause is a significant predictor of angina at 1 year after MI, independent of comorbidities, MI severity, and quality of care. Because angina is a prominent factor driving healthcare costs and disability in women, early AAM may be a useful element for risk stratification of postmenopausal women after MI. A simple, inexpensive, and easily administered question regarding AAM may help identify high-risk women and guide efforts toward improving treatments and quality of life of post-MI women.
